ABSTRACT -Purpose. Time series analysis may be helpful to estimate hematological data on gastric cancer patients who receive S-1, but untreated raw clinical data are not suitable for this approach. Hematological monitoring data interpolated by spline were analyzed by an attractor plot, which is a form of time series analysis. Methods. Hematological data of three gastric cancer patients were interpolated by cubic spline. The leave-one-out cross validation method was carried out and an attractor plot was adopted to evaluate red blood count (RBC) data. Results. Well-predicted data, such as RBC, changed slightly; however, data with great deviation, such as the white blood count (WBC), were poorly predicted. The reaction of marrow function to chemotherapy was observable by spline interpolation of RBC data. Furthermore, an attractor plot clarified the tendency of the interpolated hematological monitoring data. Conclusions. It is suggested that spline interpolation is effective as a pretreatment to analyze clinical data from a time series.
INTRODUCTION
Various clinical tests are conducted to evaluate the effectiveness and adverse reactions of most medications.
For instance, when HMG-CoA-reducing enzyme inhibitors are prescribed to a patient, the amount of cholesterol in the blood is measured to elucidate the therapeutic activity. In addition, creatine kinase levels are monitored to prevent the onset of rhabdomyolysis. For the same reason, tumor markers, white blood cell count (WBC) and other tests are performed in cancer chemotherapy. Prescribers refer to clinical test results to decide whether to continue the medication. It is important to understand the tendency of clinical test results because they change over time. This tendency may be understood according to data plots; however, objective evaluation of this tendency is difficult because of the low frequency and irregular intervals of the test.
Recently, TS-1, containing tegafur, -chloro-2,4-dihydroxypyridine (CDHP) and potassium oxonate (Oxo), (S-1, Taiho Pharmaceutical Co. Ltd., Tokyo, Japan) has been used in chemotherapy for most gastric cancers. S-1 is one such derivative that combines tegafur with two modulators of 5-fluorouracil (5-FU) metabolism. It is administrated twice daily for 28 days, followed by a 14-day washout period. Oral S-1 at the presently recommended doses produces a higher C max and a greater AUC of plasma 5-FU than continuous protracted intravenous infusion of 5-FU (1). When S-1 is prescribed to a patient, in order to prevent untoward action, liver, renal and marrow function should be checked. In particular, hematological monitoring is very important because myelosuppression, mainly leucopenia, is a dose-limiting toxicity (DLT) of S-1. The overall incidence of adverse reactions in phase II studies was 74.3%, and that of grade 3 or worse was 14.9%. The main adverse reactions were myelosuppression and gastrointestinal toxicities; therefore, careful hematological monitoring is necessary. The dosage of S-1 is adjusted for marrow function (2, 3) . It is considered that objective estimation of hematological monitoring makes it possible to regulate the S-1 dose; however, it is difficult to extract important information from the data. To solve this problem, time series analysis may be helpful. Time series analysis is used to forecast future events based on known past events; however, untreated raw clinical data are not suitable for this approach.
Spline is a piecewise polynomial function that is connected smoothly and has several continuous derivatives. Additionally, it passes exactly through each vertebral point (i.e., it has zero errors locally around the chosen points) (4). This method has been introduced in various fields, such as creating sea floor topography from satellite data (5). In the medical field, it is beginning to be used in areas such as basic research (6, 7), diagnostic imaging (8) .
The aim of this study was to investigate the possibility of spline interpolation. Hematological monitoring data were interpolated by cubic spline and the interpolated data were estimated from their correlation with actual data by way of a leave-one-out cross validation (LOOCV). Furthermore, an attractor plot was applied as time series analysis in order to clarify the tendency of the interpolated hematological monitoring data.
METHODS
The hematological data of three patients who had received S-1 administration over 2 years period were investigated. White blood cell count (WBC), red blood cell count (RBC), hemoglobin (Hb), hematocrit (Ht), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelet (PLT), coefficient of variation of the red blood cell distribution width (RDW-CV), platelet distribution width (PDW), and mean platelet volume (MPV) were interpolated by cubic spline. A data NESIA (Yamatake Corp., Tokyo, Japan), computer software for experimental data analysis, was used for spline interpolation. Hematological data of three patients was interpolated. In each examination, a prediction was made every seven days. The background of the patients is shown below. This study was approved by the ethics committee of Tokyo Woman's Medical University. The leave-one-out cross-validation method was carried out using software preinstalled in data NESIA. An attractor plot was made to evaluate the tendency implicit in the RBC data in detail. The attractor plot is constructed by joining points defined by the time between a set of data (Xｔ, Xｔ +1 ) and subsequent data (Xｔ +1 , Xｔ +2 ).
RESULTS

Predictive accuracy of spline interpolation
Typical examples for the data measured and predicted by spline interpolation in case A are shown in figure 1. The LOOCV plot for spline interpolation in case A is shown in figure 2 . The correlation coefficients (r) for RBC, Hb, MCV, and RDW-CV were high (>0.89) although the prediction of WBC, MCHC, PLT, and PDW was poor. (r = 0.4-0.6) The well-predicted data was changed slightly; however, data with great deviation were poorly predicted. Typical examples for the predicted outcomes and LOOCV of patients B and C are shown in figures 3, 4, 5 and 6, respectively. The results observed for patients B and C were almost identical to those of patient A.
Relation between chemotherapy and RBC
As the RBC data were predicted quantitatively, the effect of chemotherapy on RBC data was investigated, considering clinical events. In case B, the chemotherapy prescription was changed repeatedly, as shown in figure 8 . Although S-1 and cisplatin were administrated together from the initial day to the day 268, the tumor progressed, and then chemotherapy was changed to the combined use of irinotecan and cisplatin. Furthermore, metastasis was checked and therapy was changed to paclitaxel single therapy. RBC values decreased gradually until day 541, except for a short period of irinotecan and cisplatin treatment; however, after changing to paclitaxel single therapy, RBC began to increase, and on day 700, it had recovered to the value before beginning chemotherapy.
In case C, administration of S-1 was restricted by untoward action. 50.3 mg/m 2 of S-1 was administered to this patient every other day, but this administration schedule was not effective in view of the pharmacokinetics. Figure 10 also shows that S-1 administration did not affect RBC; however, when the prescription was changed to the combined use of S-1 (administration for three weeks followed by one-week washout) and cisplatin or irinotecan, the RBC value decreased.
In these three cases, the reaction of marrow function to chemotherapy was observable by spline interpolation of RBC data.
Evaluation of RBC data by attractor plot
The actual measurement data were converted into data which are easy to analyze by time series; therefore, various analysis methods have become useful. An attractor plot was adopted to evaluate RBC data. Figures 10-12 are attractor plots of RBC data in case A, B, and C. It was necessary to balance the data to equalize the observation intervals using this method. Data interpolated by spline were used for this qualification. There is no time axis in this graph as these plot points shift over time. The arrows in the figures are starting points of the attractor plot.
In case A, the points shifted to the lower left from the upper right in [ In case B, because the administration period was short, the respective chemotherapy could not be analyzed, but the attractor plot implied that the plot shifted corresponding to the intensity of chemotherapy. When it was divided into a 300-day period, the tendency of a rise or descent was clear. In case C, when S-1 was prescribed every other day, the plot shifted in the range from 280 to 350, but after changing to strong chemotherapy, the plot shifted to the lower left rapidly. 
DISCUSSION
The interpolation method by spline was examined. Cubic spline was the best approach of various interpolation methods in this study. The interval of prediction was every seven days. The accuracy of prediction falls with an extremely shorter interval than the actual measurement; therefore, the prediction interval was determined in consideration of the life period of blood cells.
The dispersed clinical examination data were set to periodical data by cubic spline; therefore, the following can be expected. Some items on the blood test was well-predicted and poorly predicted by cubic spline. Data with great deviation, such as WBC, had an unclear tendency. The large deviations observed in WBC in figures 1, 3 and 5 are considered the influence of steroids that were administered with chemotherapeutic drugs; consequently, WBC was poorly predicted. Data that changed slightly, such as RBC, were well-predicted. This kind of data is suitable for evaluating tendency in clinical tests. In figures 7, 8 and 9 , interpolated RBC data were concerned with clinical events. Generally, marrow function is evaluated by the reticulocyte count; however, the results of this study showed that acquiring detail information from RBC data can also estimate marrow function. Recently, pharmacokinetic pharmacodynamic (PK/ PD) models for the hematological toxicity of chemotherapy have been reported; absolute neutrophils counts (ANCs) are predicted using those models. This is an approach to construct a linear model for the time course of nadir neutrophils from numerous case data (9-12). Since our approach differs in not using the linear model, it is suitable for analysis of data measured in individual patients. Moreover, the nadir value of the neutrophils count is generally not measured in clinical treatment.
Various hematological data were interpolated by cubic spline. Hb and Ht are data related to RBC and have similar data profiles. Hb data are clinically used as indicators of anemia; however, it is considered that RBC should be investigated when evaluating myelosuppression. Other data (MCH etc.) should also be used to attempt time series analysis. It is important for many interpolated data to be analyzed by time series to identify how to analyze them. Interpolated RBC data were analyzed by attractor plot (see figures [10] [11] [12] . The attractor plot shifted in the direction of the lower left when strong chemotherapeutic drugs were administered. In contrast, it shifted to the upper right with weaker drugs. Thus, the attractor plot corresponded to the clinical event. Although it was combination therapy, RBC decreased when administering high-dose S-1 in case A. The dosage of S-1 at the first prescription is distributed in only three steps (40mg, 50mg and 60mg/ time) with the body surface area, but it is considered necessary to adjust the dose more minutely. Because the blood level of 5-FU in S-1 administration is very high. It was reported that 2-week administration followed by 1-week rest seemed more tolerable and safer than 4-week administration followed by a 2-week rest (13, 14) . Furthermore, S-1 was prescribed for patients at a dose of 35-40 mg/ m 2 in a European trial (15); therefore, the usage of S-1 should be selected carefully and many factors considered to adjust the dose. It is thought that interpolated RBC is one of the factors that can be considered by attractor plot. An attractor plot is not the final step in time series analysis and other approaches should be considered; however, it was able to confirm that spline interpolation was useful as a pretreatment of time series analysis. In this study, clinical hematological data were interpolated by cubic spline and an attractor plot was attempted to analyze the tendency of RBC. It is suggested that spline interpolation is effective as a pretreatment before analyzing clinical data by time series. To predict untoward reactions to chemotherapy, other factors in hematological data should be studied using various analysis methods. [iii] Figure 12 . Attractor plots of RBC data predicted by cubic spline in case C. The data RBC (t) are plotted in horizontal axis, and the data RBC (t+1) are plotted in vertical axis. The arrows in this figure indicate starting points of attractor plots.
